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J. B. LOUNSBURYt and A. W. OUGHTERSON
Recent years have witnessed a new phase in the study of tobacco
and its effect on the human body. Prior to this, interest was cen-
tered largely on the analysis of tobacco with a view to determining
the importance of the toxins contained in it and produced by it in
the process ofsmoking. Attention, however, became turned toward
the possibility that most, if not all, of the harmful effects of the
plant might be an allergic manifestation, due to sensitization of the
individual. The skin test naturally was assumed to afford a repre-
sentation of whatever sensitization was present. The consistently
large percentage of patients with thromboangiitis obliterans showing
positive skin tests to tobacco led to the conclusion10 that in the patho-
genesis of this disease an allergic state to tobacco might be a funda-
mental factor. In order, however, to substantiate such a condusion
it is necessary to be assured that the skin reaction produced by
tobacco extract is a specific response designating an allergic condition
of the blood vessels. It was with this in mind that the following
studies were undertaken.
Reviewv of Literature
The attempt to relate an allergic activity of tobacco to the natural
history of certain of the less well-understood vascular diseases was
begun by the work of Harkavy, Hebald, and Silbert10 in 1932.
Barker11 had demonstrated that there was a greater consumption of
tobacco in cases of thromboangiitis obliterans than in any other dis-
ease group, and upon this basis Harkavy and his coworkers built
their theory that cases of thromboangiitis obliterans might show a,
larger percentage of positive skin reactions to tobacco extracts than
would other individuals. They found that 83 per cent of thrombo-
angiitis obliterans cases reacted positively to one or another of the
five tobacco extracts used, as opposed to 10 per cent positive reactions
in the control group.
* From the Department of Surgery, Yale University School of Medicine.
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Subsequent work by Harkavy7, in 1933, again showed the pre-
dominance of positive reactions in thromboangiitis obliterans cases,
this series showing 87 per cent of positives as compared with 9 per
cent in the control group. No such pronounced figures were found
in the contrasting group of cases' of migrating phlebitis and coronary
artery disease. The 36 per cent of positive reactions in the coronary
artery disease group was, however, greater than the percentage in
the controls.
Sulzberger12, meanwhile, had undertaken a more elaborate study
of tobacco sensitivity. In his series of cases he found that 77 per
cent of thromboangiitis obliterans patients were hypersensitive to
tobacco, while 36 per cent of the control group of normal individuals
reacted positively.
Further work by Harkavy6 increased his series to 103 cases of
thromboangiitis obliterans with 319 control cases of male smokers.
This showed a total of 86 per cent of positive reactions in the indi-
viduals with thromboangiitis obliterans and 20 per cent of positive
reactions in the controls.
A corollary to these studies is displayed in the reactions to
tobacco extract in a series of peptic ulcer patients of Ehrenfeld
and Sturtevant4. Of these less than 4 per cent gave positive
reactions.
The skin response to tobacco exhibits three types of reaction13:
the wheal-and-flare, the delayed tuberculin-like reaction, and the
general eczematous response. The wheal-and-flare response is by
far the predominant type. According to Coca2, in order to classify
this reaction as signifying a hypersensitiveness of the tissues, one
should be able to demonstrate the presence of tobacco reagins by
the passive transfer method of Prausnitz and KUstner. The fact
that the demonstration of reagins has been inconstant has led Coca
to doubt the allergic significance of the tobacco reaction, at least
on the basis of the known types of skin responses. Of 20 cases of
positive reactions in thromboangiitis obliterans patients Harkavy
claims to have shown the presence of tobacco reagins in 13. He
also found reagins in 4 of 6 cases7 of arteriosclerosis of the coronary
vessels which gave positive skin reactions to tobacco. Sulzberger"5,
on the other hand, was able to demonstrate reagins in but one of
22 cases of thromboangiitis obliterans reacting positively to tobacco
extract. Ehrenfeld and Sturtevant' found no reagins in two peptic
ulcer cases reacting positively to tobacco extract.
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In an effort to discover more specifically the nature and signifi-
cance of the reaction to tobacco both Harkavy8 and Sulzberger14"6,
by comparative tests and by denicotinized extracts, were able to rule
out nicotine as the exciting factor. The exclusion of nicotine repre-
sents the extent of the attempts to allocate the so-called antigen of
tobacco. With a view to determining, if possible, whether the skin
reaction to tobacco extract represents a specific, qualitative atopic
hypersensitiveness or is merely a manifestation of a less discriminat-
ing capillary phenomenon as produced by histamine, for example,
and with a hope of being able to ascertain an antigenic factor of the
tobacco extract, the following studies were undertaken.
Procedure
One hundred unselected cases, consisting of hospital patients,
medical students, and nurses, were studied. No attempt was made
to discriminate between smokers and non-smokers, or to segregate
patients with a history of allergy.
The excitants used were the following: four fractions obtained
from the green leaf of Connecticut shade-grown tobacco, as prepared
by H. B. Vickery, were procured. The material employed con-
sisted of a hot water extract of the tobacco leaf. Thi-s was acidified
with sulphuric acid and the organic acids were extracted with ether.
The filtrate was made alkaline with sodium hydroxide and the nico-
tine was extracted with benzene. To this filtrate was added mer-
curic acetate, sodium carbonate, and alcohol which precipitated out
purines, basic amino acids, and mono-amino acids leaving a solution
containing some basic nitrogen. From the precipitate were pre-
pared three silver precipitates at varying pH, and a filtrate. The
silver precipitate at pH 4.5, known as the purine fraction, was
treated with picric acid and the adenine picrate thereby obtained was
converted to adenine sulphate which was crystallized out to leave
a mother liquor. This mother liquor, hereafter known as the ade-
nine sulphate fraction, and undoubtedly containing some purines,
served as one of the test solutions used as an excitant.
The second silver precipitate at pH 7, hereafter known as the
histidine fraction, since a small part of it may have been composed
of histidine, was used as another excitant.
The third silver precipitate at pH 13, hereafter known as the
arginine fraction, since it was believed to contain traces of arginine
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along with other substances, was used as yet another of the tobacco
fraction excitants.
To the filtrate of the silver precipitate was added phosphotung-
stic acid to separate a lysine fraction. A picric acid precipitate
having been removed from this, the mother liquor, hereafter known
as the lysine fraction, served as the fourth fraction excitant.
All these fractions of the green leaf extract were brought
approximately to pH 7 and buffered with phosphate buffer.
As a fifth excitant an extract of the green leaf of Connecticut
shade-grown tobacco was made according to the method of Coca3
and buffered to pH 7.
A solution of histidine 1:100 was selected as a non-specific excit-
ant to be compared to tobacco extract. This dilution was ascertained
as most suitable for purposes of comparative skin tests after a number
of trials with varying dilutions.
The acid phosphate of histamine was finally chosen to represent
the most typical excitant producing a general response of capillary
destruction rather than a specific antigen-antibody reaction. In
order to eliminate the extraneous reaction which histamine phosphate
elicits due to its acidity, clinically evidenced by the pain on injection,
it was neutralized by sodium carbonate to pH 7-pH 7.2. Two
dilutions of histamine were used. It was found that a dilution of
1: 1,500,000 gave a quite perceptible response, but that 1: 500,000
gave a more consistently measurable reaction. This, accordingly,
served as one dilution. Owing to the fact that Bowman' had used
histamine 1: 5000 for determining the degree of differentiation of
skin tests, and that she believed this to be the greatest dilution which
could be used for comparative tests, this dilution was also used in
the present work.
The tobacco extract to which these solutions were compared was
the undiluted extract of cured tobacco as prepared by the Lederle
Laboratories according to the method of Coca. Although the
extract in undiluted form is generally considered to be unsatisfactory
for use in skin testing, due to the fact that some irritant action
clouds the finer results of a specific test, it was thought justifiable
to use the undiluted extract in this instance. If tobacco extract and
histamine should be found to produce similar reactions in each case,
that is, if the skin reaction to tobacco extract were analogous to
that to histamine, any specific activity of the extract would not exist
and the entire action of it would be that of an irritant. If, on the
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other hand, the results should show that tobacco extract and hista-
mine were not analogous, then the presence of an irritant factor in
the extract would but serve to emphasize the specificity of the
reaction to tobacco.
In each case of the two series of fifty cases (Tables I and II) a
control of normal saline was used.
Fifty cases (Series A) received the four fractions of the green
tobacco-leaf extract, the whole green tobacco-leaf extract and the
extract of Coca. Another fifty cases (Series B) were given the
solution of histidine, the two dilutions of histamine, and the tobacco
extract of Coca. All solutions were injected intradermally in the
amount of 0.01 cc. They were injected on the flexor surfaces of
the forearms, the attempt being made to keep the excitants in
the same relative location in each subject.
The tests were read within ten minutes. In order to eliminate
as much as possible elements of guess-work, readings were made by
measuring two diameters of the wheal and two diameters of the
flare (Tables I and II). This was done in preference to assigning
the customary one-, two-, three- or four-plus to the reactions.
Although in the clinical interpretation of a skin test, pseudopodia
are important in determining the significance of the test, it is difficult
to assign them specific numerical value. Accordingly, it was deemed
necessary to be satisfied with the inclusion of the pseudopodium
in the measurement of the diameters of the wheal, thus adding to
the expressed strength of the reaction by adding the size of the
wheal.
In order to compare in a simple manner the reaction of one
solution with another it was necessary to reduce the four measure-
ments of each reaction to one figure. It was therefore decided to
consider the wheal as bearing twice the value of the flare in deter-
mining the significance of any one response. Considering the
strength of the reaction to vary in proportion to the surface areas
of each factor of the reaction, the product of the square of the area
of the wheal by the area of the flare would then give a figure which
would increase with the strength of the reaction as a whole. Since,
however, there are three area factors in this product (w1w2)(wlw2)
(f1f2), the cube root (R) of the product was obtained to offer a
proportionate variable by which to compare one reaction with
another. If there is an absolute comparison between any two series
of reactions, that is to say, if the skin reactions produced by two of
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TABLE 1I
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..630.6
0.0.7
I.Oxl.Op L.0:.05
Da
D.50.7
L.ox0.95
D.920.6
5.53xl.05
D.80.8
D.72D1.5
.7x0.6
5.Ihd.3p
D.521.5
0.6xO.5
5.510.4
O.0.7
0.6x0.7
O.8O.e
0.72D.6
5.7.6
5.70.7
L.1.6
0.520.7
0.6.7
0.60.5
n _k -&
2.0x5.0
2.5:2.0
2.0x2.0
2.0x2.0
1.51.5
2.5s5.5
2.0:5.0
2.02.5
1.51i.5
5.6x5.0
2.5s5.0
2.0x5.0
Wed Rasp.
5.0x5.0
5.0:4.0 3.OxS.O
4.Oxi.O
1.0:1.0
4.6:5.0
5.0x2.0
5.5x5.0
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.0.10
0.28285
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.06296
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0.41280
0.29159
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na.
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0.44865
0.5202
.0.25181
0.5562
0.06099
0.41
.0.10247
-0.57675
0.52940
.0.20000
.0.5472 .0.4872
0.12520
0.56899
-0.05061
0.07078
-0.05110
0.126
o.14551
.0 .4
0.19"
0,0915
.054672
0 .11 w- a - -
3/
t=Log R (ww2)2 (f1f2)
* Blanks denote reactions similar to controls which, for purposes of comparison,
are evaluated as the maximal reaction to saline, namely, w = 0.6 x 0.5;
f = 0.6x 0.5; log R=-0.52288.
p One or more pseudopodia present.
the solutions employed are of essentially the same severity in each
case, the differences of the logarithms of their cube roots should
then be the same, inasmuch as the difference in logarithms is an
expression of the ratio of the two quantities. If the comparison is
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not absolute but is nearly so, the differences of the logarithms should
then tend to duster around the same figure within relatively narrow
limits. Accordingly, the logarithm of the cube root of each reaction
(log Rin Tables I and II) was obtained. (Since in making a graph
the negative characteristic and positive mantissa of the logarithm
cannot beplotted as one point, the figures oflog R in Tables I and II
represent the reduction of the logarithm to its absolute value.
Thus, thelogI.74819 would appear in the table as log R -0.25181.)
The difference of one log R from another was then computed and
graphed as shown in Charts I, II, and III.
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CHART I
Results
It must be remarked that an element of error enters into the
calculations in respect to the reactions similar to the control of
normal saline. Actual measurements of the controls and of the
negative reactions were not recorded. In order, therefore, to con-
sider the negative reactions in the comparisons, it was necessary to
affix some value to them. Inasmuch as in any instance the negative
response would be no larger than the average maximum response
to saline, by a number of trials a value was obtained for this average
maximum response to saline and was considered to be the value (*)
as shown in Tables I and II.
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It was, of course, not practical to use the arbitrary value of the
negative response in instances where both solutions of any one com-
parison involved negative reactions. The reason for this is that,
although both reactions appear to be negative, one solution might
be nearer the production of a positive response than another, but
just how near, under the circumstances, is not appreciable. Hence,
these instances of two negative reactions are indicated in the charts
as cases of unknown data.
In cases where the arbitrary value of the negative reaction of
one solution is compared with the value of a reaction the measure-
ments of which are known, there is somewhat more justification for
their inclusion in the results. For although the measurement of one
particular negative response is not known, the evaluation of it as
a maximal figure would show that the difference of log R of each is
at least no nearer zero than given. Such comparisons are shown in
the charts as shaded areas, whereas the comparisons of reactions of
known data in both solutions are indicated in black.
At first appearance it would seem from the charts that there is
some relation between the two excitants in each of six groups
compared:
1) Tobacco Extract G. L.-Lysine Fraction
2) Tobacco Extract Coca-Lysine Fraction
3) Tobacco Extract Coca-Tobacco Extract G. L.
4) Tobacco Extract Coca-Histidine 1:100
5) Tobacco Extract Coca-Histamine 1 :5000
6) Tobacco Extract Coca-Histamine 1:500,000
Closer inspection, however, reveals the fact that this is not true.
Since the logarithm of 2 is approximately 0.3, it can be seen that for
each three units on the abscissae of the graphs, the severity of the
reaction is increased twofold. Inasmuch as no instance shows more
than 46 per cent of cases (Tobacco Extract G. L.-Lysine Fraction:
Chart II) to fall within a degree of reaction of twice the severity,
the comparison cannot be considered conclusive. And since not
more than 2 per cent of cases in any one comparison fall within one
unit, or in other words exhibit an absolute comparison, no two excit-
ants can be considered to be directly comparable in reactivity.
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Summary
Four fractions of an extract of the green tobacco leaf were com-
pared with an extract of the green tobacco leaf and with an extract
of cured tobacco (Coca). The extract of the green tobacco leaf was
also compared to the extract of cured tobacco. The extract of cured
tobacco was compared to a solution of histidine 1: 100, and to two
dilutions of histamine, 1: 5000 and 1: 500,000. No direct relation-
ship was found to exist between any two of the excitants used in this
work.
Conclusions
1. The results seem to indicate that there is evidence that the
skin reaction to an extract of the cured tobacco leaf, as heretofore
used in skin tests, is a specific reaction dependent upon the prop-
erties of tobacco itself, and is not due to simple capillary destruction
as displayed by the reaction to histamine.
2. The lack of correlation between the green leaf extract and the
cured leaf extract points toward the possibility that there is some
component of the cured leaf extract, not present in the green leaf
extract, which may be responsible for the specificity of the tobacco
reaction shown to be so prominent in cases of thromboangiitis oblit-
erans. This, however, should be checked by the use of an extract
of the green leaves of the same tobaccos used in the preparation of
the cured leaf extract.
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